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abstract 

Sidelltte Information from tia) world's major oooana has boon 

analysed to arrive at a geoid power spootrum. Using the equivalent of ^out 7 
revolutions of data (mostly from QEOS-3) the power spectrum of the sea surface 
generally follows Rie expected values from Kaula's rule applied to the geoid. 

Anaij'sis of overlapping altimetry arcs (and oceaiwgraphic data) shows that 
the surface spectrum Is dominated by the gxmld to about 500 cycles \40 km half 
wavelengdi) but that sea state departures ai'e significant starting at almut 250 
cycles (80 km). 

Estimates of geojjotentlal variances from a cierived (smooth) geoid spectrum 
slww significantly less power than Kaula's rule to about OO cycles, but some- 
what more from there to abiHit 400 cycles. At less than 40 km half \vavelci\gth, 
the total pover in the marine geoid may be negligible (<'^20 cm). 


THK GKOIl) SPKCTIU’M FHOM ALTIMKTHY 


C. A. \Vrt»OH*r 

rioddntxl Spjioo r ItRht Contor 
GroonlH'lt, Maryland U0771 

ABSTHACT 

Satellite altlmotr>’ information from tho nvrld’a major ivoans haa lk»on 
:malyzcHi to arrive at a ^*oUi iK>\\vr aiHH'trum. Using tho oquivalont of aUnd 7 
revolutions of data (mostly from iiKi^8-3) the v»\ver s^vetrum of the sea surface 
gimerally follo\\*s the exix'cted values from Kaula's rule applieii to the geoid. 

Analysis of overlapping altimetry arcs (ami oceaiu>graphic viata) shows that 
the surface stH'ctrum is dominated by the geoUi to about 300 cycles ^iO km half 
wavelength) but that sea stati* departures are significant starting at about 250 
cycles (SO km). 

Kstimates of giH>iH>tcntlal variances fivm a *k'riveti (snundlO gt^old siH'ctrum 
show significantly less power than Kaula’s rule to about 00 cycles, but some- 
>\hat more from there to about 400 cycles. At less than iO km half wavelet^gth, 
the total }H>vcr in the marine geold m.ay be negligible (v.v20 cm>. 


THK OKOID SPECTRlT^l FROM ALTIMETRY 


INTRODUCTION 

The earth and ocean dynamics appllcaliou proKruni of the National Aero- 
nautics and Space Administration has as its goal knowledge of ocean to(>o- 
graphy at the 10cm level (with 50km hoiizontal scale). With this understanding 
ocean currt'nts can be delected and calculated as departures from the mean sea 
surface, ITie shapt' of this mean surface is due mainly to the Earth’s gravity 
field (the geoid) but Includes contributions on a very large scale (>1000 km) 
from lunl-solar and atmospheric tides as well as stable ocean current and wind 
systems. On a smaller scale there may also be stable non gravitational surface 
features which will l)o difficult to distingui?li from the gravity field. But these 
small scale features may vary in time (meander) ami be lietcctaide l>y repetitive 
satellite altimetry. In any ease the major eontribution of tlie geoid to high fre- 
quency sea surface undulations (scale v.l000k.n) should be known in order to 
judge the importance of small scale departures and their (Possibility of 
measurement 

With the advent of the satellite altimeter it is now possilplc to measure the 
spi'ctrum of the ocean’s surface to verv high frequency anci Ivgin to assess these 
departures from the global marine geoid. rnfortunately while the sjH’cfral 
analysis of the sea surface from altimetry has been relatively straightforward, 
the interpretation of that sjx'ctnmt as the reflection of a marine geoiil is 



1 



0 

ambitious boonuao of tho uncertainty about the mati:nitude of the aea ntate 
(departui’ea). 

I have chosen to work out the simplest interpretation of the Ki*olii surface 
using tho "exterior" spherical harmonics of the giuH^dentiol for which much 
information is knoum. 


In what follows, I assume the geolii is referreil to a spherical surface wiU» 
a radius H (IkITI-IO ml. nu'n, using the spherical approximation of Itruns* 
formula (Heiskanen ami Morltr, p. 85), the height of the giH>id alwve tlu* 

reference sphere is simply: 

d» i 

H L E l\',„tsino) I t\*,„cosm\ + Sj,„sinm.\| (1) 

V ■ ; in • 0 ' 

where is tho latitude, \ the longitude, l\,„lslnv'*) IcosmX, sin m\l aiv tidly 
normalliod spherical harmonics (lleisk;inen :uul Moritz, 11H>7, p. 31) ami 
are gravity civfficicnts of the disturbing (K)tcntial. These are the usual 
(fully normall/.eil) gravitational coefficients except for the lowest ilegrec even 
zonals which arc adjustcil to illscount normal gravity. However, K()uatlon (1) 
is not strictly valid on the "spheroidal" surf:»ce of the oce:in interior to the 
Ixninillng earth sphere. Nevertheless it apivars to be a reasonable first 
appivxlmation 1 l.elgemann, lt»7(?, p. dl. 


Hesults from s:itellite tracking over the past lieeade have confirmed earlier 
gravimetric statistles that n* - here is the varisuice or mean square 


value of a fully nornuillzeil geo)K>tential harmonic ot iiegree {), Thi* constants ari* 


b ‘^10*' ami c ~ 2 ooiiHiatont with ihoorotloal ox|XH'talionH l.loffrovs, 10r»0; 

1 

Cholahi'NTilkof, The satellite results are global but extend only to aUnd 

degree 20 le.g. , ClaposehUIn, 1974; Wagner et al. , 19771, I'he gravimetrie 
results are far from global but are sensitive to degree ISO le.g. , Kaula, 1959; 
IVhernlng and lla|Hb 19741, As will be seen, the iletalletl high degree siKuMrum 
of the geotwtentlal from the limltetl V gravln\etrv used t\v Tehernlng and llapp 
appt'ars to Ih' ‘oo jxnverful, llu' 1“ gravlmetrle geold eomputed from eonslder- 
ably more »lata bv .1, Marsh (pt'rsonal eommunleatbm, 19701 and the altimeter 
geold et>nslileretl here have slgnlfleantlv less high degree ix>wer, lmlt*ed even 
the limited sea surfaee heights alreaily avallal'le frt»m (IKOS-H (malnlyl ix'rmlt 
a eonflilent extension id’ the geopotenttal si'H'etrum to at least degree 100 (50km 
half wavelength). 

DAI'A ANAl.YSKP 

Korty-seven ares of altlmetrv from Skylab and l«Ki>S-9 have now lu'en ex- 
amined ( Klg, 1 and I'able 1), They are mostly moro than 10 minutes (4500 km) long. 
For Skylab, tlu' S9-mlnute "round-thi'-world'* pass of 91 Januarv 1974 was usetl 
IMeiioogan, Lelteo and Wells, 19751. However, slnee It was broken by 20 one 
minute operation ;vmst*s and a long pass over the Hniti'd States, only 50 minutes 
of It represents aeltial sea-surfaee altimeter data. In the gaps I have lnter(>i>lated 
data from the Marsh gravlmetrle geold as I have also done to make eoittlnuous 
data spans In gaps of t»KOS-9 altimetry. 



Ten arcs of OKOS-3 altimetry (William Wella, private communications, 
197ri), as well as that for Skylab, wore in the form of strip charts of sea surface 
heiK;ht calculated from the hij;h speed (-^10 reconis^see) data (e, r, , t'ijj, 2), 
Here (as in all the arcs! the sea surface height was calculated from the orbit as 
^■the difference of the satellite's heijjht above the ellipsoid and the measured 
altimeter height. Ilms sea surface dynamics (e.jj, , tides and currents) as well 
as possible very lonn wave lenjjth orbit errors remain in this "measurement," 

At the outset, 1 did not ex|H»ct ocean dynamics to distort severely the t^ravlty 
signal I sou^iht from the altimetry. At low frequencies (<20 cyclea/nlobal rev.) 
the altimeter spt*ctrum should be dominated by the fjeopotential (the geoid) and 
orbit errors. At intermetiiale frequencies (20 to 000 c>'cles/rev. ; 150 to 5 sec- 
ond half wave len^rtha of altimetry reconi' the t;eoid should still dominate with an 
unknown (init pn-»l)ablv small) amount of ocean dynamics. At greater frequencies, 
the noise of the instrument should bcjjin to dominate, 

Kl^oive 2 shows a typical 10 seconti record of hlnh sjx'c<i (measured sea sur- 
face height) data from (lKOS-3 over the North Atlantic. Ilils reconl is from «he 
"ulobal" (low intensity) mode of altimeter o^x'ration which averages the (weak) 
return pulse over a "footprint" on the ocean of 8km ( -^1 second). It is noted 
that a strong: sinusoidal oscillation ( ~1 m nns) of alnnit this |x*rioti Imleed exists 
in this data. It is prol)ably due to the correlation of noisy retum jHilses over- 
lapping; (in successive reconisl from the same points on the i>cean. 


•i 


For the itiUrt :i!vi» from "strip ohsrlH" 1 havo (hantll ilrawi) a smooth lino 
thriHijih tho moan of thoso "hluhost" froquonoy ottoUlatiims* I Iwvo also trUnl 
to avoid (in tho "moan" linoi tin> rapid fluottintion ('^ftml ovor a 5 sooond intor- 
val whioh is pn>l>ai>lv duo to soa stato offoct- on tho roUirn sl^;nal. llio rosult 
(sampliHi ovor> 10 sooonds for Skylal>, 5 sooonds for tho "nolsiost" liKOS-Ji 

D 

arcs ami 2-1 ^2 sooonds for tho quiotostl is a simwthod soa surfaco hoijjht roooni 
to tho noart'st 0,r»m (I m for Skvlal>l, \^\c tiominatini; noise in tho "hand 
smoothed" rooorii is this strip ohart roaiiin^r onvr, Kxtonsivo harnundo analy- 
sis IWagnor, 10771 has shown this residual error to l»e aetuallv as tow as 0. 12m 
(rmsl, aluHit the same as in analysis of majt>r frame avorajje (2-It seoondi data 
pn>eesse»i entirely l>y maohine, Ilu' maloritv »'f the ares wore smoothoti in this 
fashion iTat>le tl. In aiidition, however, I hami-etiiled all "ixid* heights whioh 
differed (hlnh or low> from both nei^hhors Iw motv than 2 m. 

The altimeter dertv’»sl soa surtaoe heights were th»»n oomparetl ti> the iiKM 7 
^eotd, removing the effoots of very K'w froquonoy »'Hdt err»»rs (mi inl\ ' at the 
sanu* time IWanner, I07t*, p, isl. Hest«hials fnnu that oomparison, ortho 
longest lJFlkS-:t are examined (Niu v ay to Kquador' are shown in l'i»;\ire 0. 
iVean hiUtom pndiles ( IMu, Oioonvlale fairly well with these hi^ih froquenoy r«*si- 
iluals su^(;ostin^ that simple nuxlels of the orust n\av explain mostoftheso feat\m*s. 
IWamter (1077)1 ilisi'lays tlu' residual feattires for 10 additi«mal lonn aros. 

I'omjvtristms of this altimetry with rooont Un\ freq\«en<\v ^oiquMentlal m«HleIs 
an* also re\ealini; ( Table 1). tlKM 7 IWaauer, ot al. , 10771 is a 100 oi»efflotent 

r» 



BatolUti* miKiel oomplett* to in Hphorlenl harmonlcB, CJKM s (with 

050 oiH‘fflcit»nt8) comblnoB the BateUlle data in GKM 7 with worldwide 5* x 

5“ surface gravimotry stronjjly weiuhtini in continental areas. It is com- 
k O 

plete to (25,25), SurpriBinjjly, the overall fit to altimetry is poorer with 

« 

GKM 8 than witli GE^• 7, On the other hand, when the truncation effect 
(above 25th decree) is accounted for in the 5" data (dowiiweiuhtin^; the best 
continenUil anomalies) a solution far more favorable to ocean altimetrv* is 
achieved, Hiis is the GKM 10 combination solution ILcrch, et al, , 1977) 
which is onlv complete to (22,22), In this nuxicl, significantly hinh cor- 
relations amoiij; hinh decree coefficients are controlled by a collocation 
technl(jue. 

The altimeter height residuals from GKM 7 were then subjecteti to an 
harmonic analysis in oriler to estimate the hinh frequency power spectrum 

of the iK'eans and the nv'oid, 

HAUMONIG ANALYSIS OF ALTIMKTKIt HKSini'ALS 

A line was first applied to match the end (mints of the residuals In each arc. 
('Fhe major difficulty with "edne effects” h.ad already been eliminated by the re- 
moval of trend :uui offset of the orlnlnal sea heights fit to the GKM 7 geold.) 
IX»vlatlons of the residuals from this end matching line produced ’periodic' 

»iata which w:is Fourier analysed. 
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Tho THW |Hmvr »|votrum (no (iotormiiunl) for Iho lonKt^nt riKi>S-;i luv in 


ulum'u in Fiioirt' 4. lAiUiUlontil indivtiiual niv s^votrn iuv foumt in \Vn);;nor. 

IU77I. Tho fxmvr hott> niui foUoning ia tiu« riH>t motin Hqimro hnrnumio vnrintivm. 


Alao ahon-n in Viioiiv 4 ia tho oxjxh'Uk'i rnw tH>\\vr for thia jiiv dik* to a j{oo- 
|H)tontiHl witii tU'ijrtH' \*jirianooH followinj; Kanla'a rulo [Kaula, Thia ox- 

IHH'tiui iHovor for a j;Iol»al arc of »hita ia >;tvon cloaoly hy 70. S n’* '* inotora, nhoro 

I 

r ia in oyoloa por ivu^lution (WaKiu'r, 1077, p. 26*. For !ho aub KloimI an' of 
’I 'N) ivwUitiona I han* oatlmatoii horo anJ foilowinn ti.at tho powor in oaoh arc 

m 

hannonio ia \ N timoa tho 0 M\iivab'nt glolvil vahio (\Va>n'or, i077, p, lOi. I'ho moat 

intoivatint; aaptH't of thia arc aix'otnnn ia ita oloai' ailhor«'noo (on avoraijoi to Kaul: 

^ G 

niio. Alao, tho (x>\\or at low fnHjiu'noioa (n v iOO oyoloa (»or rov.l ti'iula to U» loaa 
than tho rulo. l\nu‘r alH>vo aUait 100 o>oloa toiula to In* uroator than tho rulo. 
liowowr a\>nu' of thia inoroaaotl (K»\\or la ihio to tho influonoo of noiao aU»vo aU>ut 
.100 oyoloa. l1»ia aamo bohavior ia o\i\lont for all tho liuiivitKial aroa. 


n^pu't' i» ahowa tho illaon’to a(votra tor Iht' I7 aros of data ti^jothor. A^ain 
tlu'iv ia a oloar toiuionoy tor aoa aurtai'o (H'wor to ori»aa Kanla’a rulo from low 
to hi^h fiviiu-MU'ioa, Whon tho a»:>;ro^ato a(votrmn la avora>;oii (rma> in i;routta 
ot 10, 40 and SO oyoloa (li»r n 400 oyoloa/rov.l, thia trond la »lramatioally oon- 
flnuod (Kill. 0). A hljih livnuoiu’v "whlto” noiao tail In thoao group avoragini 
atatiatioa la oloarly aoon in thia ilala at about 0.7 oin gU>l>al tnHpk'noy. I'lna 
oorn*a|HMkla to an avorago total ludao oontonf oi almut l/l mot»'r In oaoh aiv. 
Aotually a aoooiul "tall" v»t aUnit 0.0 om 'tivipionoy oxiata at around 000 oyoloa, 


iluo to tlu' 11 htuHi aroa which Mvn» aampUnl c>t'r>’ 5 accomta. All the 

iVMvr nvci'.-mca, l\ arc asauimHl to Ih» maiio up of Hl|;nal l\ , ami "white'* noiac 
I'wn to thcac tail xatluea, such that: I'f • P* - P^„. The orif^inal anil re- 

lixiciHi (of "white" nolae) averagea ai\» both ahowii in Kipirt' b. 

The ivcan (Huwr statistics (ivduccii of noise) seem i\*markabl>' stable :uvl 
compatible with a simple 2 or it paramctci log-loii lau*: 

P„ - An*'*' (2) 

A least sipian's fit »>f Kquation (21 to the ocean |>ower data (20 ^ n K'OOev iw.i 
yields: 

A - 200 v'm. P - -0. l!\5. C - -0. 100. Cb 

A simpler, but less satisfaeton* fit nives 

A 21.51 m. W -1.220. 

As further e\idence »if the staldlitv (or >;li'bal natutvi of this solution. l'i>b>re 
7 shows the same uroup statistics fiu* 02 short arcs (cn aver.\j;e> ami 27 ivlativelv 
lon>i arcs, chosen arbitrarilv. Most of the ^inajp statistics overlap within 2e even 
to the highest fivipiencies. However, tlu'iv does seem to Ih' a systematic trend 
towanis somewhat lower (vwvr (n ^ 20i in the Imiian ('cean, 

llie s|M'ctnim of the ne»>i»l can now Ih' foiuui if the sea state liejvirtuix's (and 
their s( vet rum) can Iv estvm.ated. 
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niK srKcrm’M ok okoii> nKi'Auri HKs anp ihk i;kou> 

I'ho horizontal s|»ov*trm« of all tht' ih*ivu*t\»ros fr\M« iht* ^'oUl haa noviM* Ivon 
atxulltHi In iU'tall, but much la known about tho Imllvblual oomvH'nonta ba|H\ 

lt»7S, ami Apt' I, lU7t»l, For oxampio, llomU'rahott has glvon a almpUfUnl 

i;b>lial solutliM\ for tho prlnoUvil lunar tUk' with maximum amplltiuloc of I motor 

mpilrlnn surfsiv harmonics onlv up to (12,121. llt^hor surfaoo harmonics for 
tho h>ll tUlal binctlon socm to havo sluniflcantb' smaller amplltmlos |o. n. , Muson 
ami Kstos, (vrsonal communication, U*77l. Slv;nlflcant >;oolil ilo(virtuix*s with 
short wavolomilhs (U ^ 20 cycles ix*v. 1 mav Ih* assoclaiml with ncar-ivast tUlos, 
atmospheric pressure (tlv "Inverlml baivmeier"! ami vvrtalnlv with ivean cur^ 
tx'nt systems. 

I havo calculattsi the vle(virtu;v s|vctrum abaK the tracks of ivvs. 

107, f'SS, 2v'0 ami 2t«0 for the average sea suKuiv ti»(\'>;raphv phie to curtx'ntsl 
in the North Atlantic. 'n\ts surface has been cstlmat»sl fivm ilensit> me.isuiv- 
ments bv IVfant lliKtl; sho«n in A(vl, 1070). I7\e <ivup a\era>;evl hlith fre- 
i)uencv svx'ctrum for these tracks (after subtracting an emi-matchinf; tremO is 
shown in Hi;ure S. The cstimatcii effects are a hill ouler of ma^nitxule Ivlow- 
the (vwer from Kavila's mle for tho ueoUI. Ib'wexer these ilepartmvs atv lonn 
term averages ami mav umleivstlmate the profile at the time of the altimeter 
pass. To ftml these, the time \ar\inu effects, 1 ha\e analvstxl the heixiht diffei'- 
em*es in 0 ovorlappiui; (viirs of (iKv'S-3 altimeter arcs. Kach arc of the overlap- 
(viir is sejMrattxl fivm its twin bv multiples of ;*7 ilavs to20 orl'itsi. lN\i' of 


otmiiiln :m iwc th;U pHHHos oIoho to Iho ”ovo” of a North Atlantlo 
hurrioano ("I'lhuiva”; 2 , 19751 ; four jvtira havo oloao-to-ahoiv sonmonts. 

llto >ir*H»p avorajso results aro aUo shown In h'tuxiro S, rtHliuvti of tosttmato.h 
noiso ami soaUnt Mown (hv \ 2> to ostimato tho Mopartuiv offoot iw oaoh ar\* ol an 
owrlappi’.m pair, 

nu'ro M»h's »oon\ to tv oonslMorahlv motv jvwor in tho *’aotivo" lU'tvu'turos 
(n ^^201 than in (ho avoranis! oooan topography. In faot tho Mooltno of Mojvirtuiv 
^v'xsor apjvars to l>o xorv slow (-10 n ('(M)! ootntviroil to tho total soa surfaoo 
sjx'otrum. Kinalh in V'tjiuro 9 I ha\o ostlinatxHl tho ^K^»al ^:oi>iil powor as: 

^Vi I V. P,| ^soa surfaoo hoinhtsl '' - 1',; tMot\u*turosll . ( P 

Povoml ('00 ow'los no vlata is >:tvon Invauso of tho lai^o unoortaintx in tho offoots 
of Moparixnvs, A fit of iho It |wramoior ivwfi* law to this nooiM liaia is vpuio 
satlsfaotorv xiohlin^: 

A Oloin.. P « -0.2.tr>, C ^ -0. KtS »,'Vi 

x'.KxM\> rV\ VIA I VAUl ANx'KS 

Tsinn tho ivsults of Wapxor 1 1977, I'x^uation Ol'l itvlivulual );oo(X'tontial 
vananoos oan Iv touiHl from tho "ono Mintonstonal" >;ooul |vxxx*r s|Hvtrum 
pnn i'iinn i;U>hal atvs of Mala havo Ivon takon. In tho .absonoo xxf suoh Mata 
horo), prxxl'n'oly t'nly troiHls or »;roup :xvora»;xHi vartanoos oan Iv so MotornunoM. 
Vhosotrvmls for tho hijih 'V'»:tvo varianoos implit'xl by tho smxvth rosiikial g»vlM 
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powr Inw (ft) nru Hhown In KtKiiro 10. l Imvo nlHo compariHi thoHo vnrliuu'os 
to group nvorngoH liorlvoii from 'rchorntng nml Happ'n 1“ covarianoo 

function of grnvlmotry. Ah I'igun^ 10 hIiowm, the dctnlKui grnvimotric vttri- 
nnooH (2r» < v < 140) niHHuir tin) high comparod to those dcrlvinl here from 
lUtlmetry and from a globnl net of 5^ mean gravity anomallea (Happ, 1077). 

The nltlmetrlc resultH seem to U* natural extensions of recent geo)H)tentlal 
determinations from saUdllte mul surface data. 

SrMMAHY AND CONCLUSIONS 

I’rellmlnary estimates of the global s|x*ctrum of the sea-surface ami geold 
have been made using altimeter data from the llKOS-:i aiul Skylab spacecraft. In 
all, the equivalent of ab«nit 7 revolutbms t>f data has servisl for the ’’global" esti- 
mates, llu* total |v'\ver In tlu* sea surfat'e top«'graphv at ami above 20 eycU*s/ 
revolution ( <1000 km half wavelength) Is 2, IHm (rins), llu' |>ower above 220 
cycles (<0l ktn half wavelength) Is 0. .'Klin (rms). Ilie sea .Mirface |>ow<'r ileparts 
noticeably above the best t*stltnat»* of th«* gt»old pi*w«*r at all frequencies higher 
than 400 cvcb*s, llu* "departure" s|H»etruin Itself Is relalivt'ly constant between 
10 ami 000 cycles. .Mm^vc f>00 eveles (• 10 kin half wavelength) the geobl ^^>wer 
may b»* negligible. 

The geold |Huver above 20 eveles fnan Kaula's rule Is 2. Iks in (rins). Iluis 
the altlimder residuals overall, are compatible with geopotiMillal varlaiua*s 
somewhat less than li'*'/V’* , Tlie:-e varlam*es apj>ear tc^ be less than Kaula's 
rub' for V *’ 00 and ix»sslblv for all degrees greater than about r>00. 

I I 
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I1u' Intorprot.itlon of tho "mouHumr' mnrino >t»'oiii p»nvi*r 

ttnim horo uhnuiuoh Iho t(t«ot(l \iiuUtlu((onN tu*o (oNHontlnlly) tho Ktuno nn |x>tontlul 
vnrliUlonM on tho houtulln^; ojirlh No iuUuiutito iiltorniittvr rt»prononliUltm 

1h iivndnblo for Iho oonvontlonnl oxtortor (tn nphorlotil hiinnonton) on 

tho Inlortor Hurfaoo, 

ac'kno\vi.kik;mknts 

n 

\ llmnk Josmno Hoy for lurnyv i»f tho h«r jonlo unnlvHon ni»ti tho oalouhitton of 
iliitM roshluiilH. I1u' (iotatloii otilUn'iition iin«t vorifioadon of tho motlUHi of analvata 
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Mgvire 2. Sea Surface Heights Over the North Atlantic from 
’’High SpeefJ " GEOS-3 AItimetr>" 



• •• 


T I I ^ I I I r 

•• 

• OUUJINAL PACK l.s 
P<H)R QUAUTV _ 






Figure 4, Power Spectrum for Sea Surface Height Residuals from Satellite Altimetry — GEOS-3, Rev. 197 
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Fiy;ure 5, Sea Surface Ilei^jht Power SpL*elinm from Altimotrv* 




riljurt' r*. "Avi*ra^oil" Soa Surfaot* Height S|vi*trum from Alttniotrv* 
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